Non-orthogonal multiple access (NOMA) with compressed sensing based multiuser detection (CSMUD) is a promising candidate to enable massive connectivity for the massive machine type communication (mMTC) in 5G. In this paper, we have proposed three approaches to improve the performance and enable differentiation in the quality of service (QoS) among the mMTC devices in NOMA with sequence block CSMUD. First, a repeated-transmission scheme with spreading diversity is proposed which enhances the performance of all sensor nodes. Secondly, a QoS-aware sequence block allocation scheme is proposed to differentiate QoS in mMTC by assigning the low correlated sequence blocks to the high priority nodes. Lastly, the above two approaches are combined to propose a QoSaware repeated-transmission scheme which not only increases the QoS differentiation but also achieves a significant gain in SNR of both high and low priority nodes. A QoS-aware group orthogonal matching pursuit based algorithm is designed to jointly detect and estimate the data. It is shown that the proposed repeated-transmission with spreading diversity scheme reduces the detection error rate (DER) and the bit error rate (BER) by more than two order of magnitude at SNR = 10 dB. Using the QoS-aware sequence block allocation scheme, it is shown that a gain of more than half a magnitude in DER and BER is achieved at SNR = 13 dB. The combined QoS-aware repeated-transmission scheme achieves a gain of at least 12 dB at BER = 10 −4 for the high priority nodes as well as a gain of at least 6 dB for the low priority nodes.
I. INTRODUCTION
Massive machine type communication (mMTC) in 5G is characterized by low data rate, sporadic activity, low power consumption and heterogeneous QoS requirements [1] . The main challenge of integrating the mMTC into the cellular communication system is to support the huge number of mMTC devices [2] . In order to provide connectivity to the mMTC devices in 5G, the non-orthogonal multiple access (NOMA) is considered to be a promising candidate due to higher spectrum efficiency [3] . Unlike the orthogonal multiple access, in NOMA, multiple nodes are allowed to share the radio resources. Many variants of the NOMA have been proposed in the literature such as power domain NOMA [4] , sparse code multiple access [5] - [7] , multiuser shared access [8] , patten division multiple access [9] and so on.
NOMA with CSMUD is a promising scheme which uses compressive sensing techniques to enable grant free nonorthogonal code division multiple access in mMTC [10] - [13] . The sporadic activity of the mMTC devices makes the superimposed signal sparse, i.e, contains very small number of non-zero elements. Exploiting the sparsity in the superimposed signal, compressive sensing techniques are used to detect the activity and estimate the data. A detailed overview of the CSMUD is given in [14] . In [15] [16] , a new variant of the CSMUD called sequence block based compressed sensing multiuser detection (SB-CSMUD) is proposed in which block of non-orthogonal spreading sequences is used as signature of the node, different from the conventional CSMUD where a single non-orthogonal spreading sequence is used. At the receiver group orthogonal matching pursuit based algorithm is used to jointly detect the activity and estimate data.
The current NOMA schemes are mainly focused to increase the connectivity and little attention is paid to the heterogeneous QoS. All the nodes are assumed to have the same QoS requirements, however, the mMTC devices are characterized by heterogeneous QoS requirements in practice. For example in IoT applications, the data from certain sensor nodes are very critical and need to be transmitted with high accuracy such as the readings from smart meters. However, for some scenarios it is sufficient to know only the active/inactive state of the node, e.g., to notify that the trash-bin is full or the smoke is detected inside a building. In addition, the mMTC devices are at unequal distances from the base station (BS) which causes variation in the BER performances. Therefore, it is essential to allocate resources according to the QoS requirements of the nodes to increase the spectrum efficiency.
In this paper, we propose three schemes to increase the SNR and enable differentiation in QoS for mMTC in NOMA with SB-CSMUD [15] , [16] . First, inspired by NB-IoT [17] , we propose a repeated-transmission scheme with spreading diversity to increase the SNR of all the nodes. Secondly, we propose a QoS-aware spreading sequence block allocation scheme to differentiate the QoS among the mMTC devices by assigning sequence blocks based on the QoS requirement. It is worth mentioning that the proposed scheme uses the same amount of resources as the conventional SB-CSMUD. Finally, we propose a QoS-aware repeated-transmission scheme to further improve the BER performance and to elevate the differentiation in the QoS of high and low priority nodes. Furthermore, we design a QoS-aware group orthogonal matching pursuit (GOMP) algorithm which jointly detects the activity and estimates the corresponding data.
The paper is organized as follows. In Section II, the general system model for mMTC is described. In Section III, the proposed schemes of QoS-aware NOMA with SB-CSMUD are discussed in detail and the QoS-aware GOMP algorithm is given. In Section IV, the simulation results of the proposed schemes are analyzed in terms of DER, BER and least square estimation error rate (LSER). Finally Section V concludes the paper. Notations: In this paper, all boldface uppercase letters represent matrices such as S, while all lowercase boldface letters represent vectors such as x. The set of binary and complex numbers are represented by B and C, respectively. Italic letters such as k, x represent variables. Uppercase letters such as K and Greek letters such as γ represent a constant value. The special letters H, L, I, represent sets.
II. SYSTEM MODEL
The basic uplink mMTC system model is shown in Figure  1 . The BS serves N nodes out of which only K nodes are active at a time, K N . The infrequent activity of the nodes makes the mMTC sporadic, i.e., only a small number of nodes is active simultaneously. In the figure, the solid line shows that the node is transmitting data while the dotted line represents the inactive node. In addition, the shaded nodes represent the nodes with high QoS requirements, e.g., lower DER and BER. It is assumed that when a node is active, it transmits L b consecutive bits.
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No data Transmission In the underlying NOMA scheme using SB-CSMUD [16] , each node, n, is preallocated with a unique sequence block, S n ∈ C M ×D , where M is the spreading factor and D is the number of sequences in a sequence block. The spreading sequences in the sequence blocks are selected from the sensing matrix S ∈ C M ×N which is generated by selecting random sequences from the unit circle such as s i (ν) ∼ exp(2πν) with ν being a uniform distribution on the interval [0,1]. The random matrices are considered to provide sufficient performance guarantees in compressive sensing based data recovery [18] .
At the BS, the SB-CSMUD iteratively detects the active nodes as indexes of the maximally correlated sequence blocks with the residual which is initialized to the received multiuser signal. At each iteration, after the activity detection the data of the detected node is estimated using least square estimation followed by updating the residual.
III. QOS-AWARE NOMA SCHEMES
In mMTC, the QoS is primarily determined by the activity detection and the data estimation, which constitute the overall BER. Here we define the overall BER as
where K is the number of simultaneously active nodes, L b is the number of bits in a frame, ξ is the number of errors in the activity detection and γ represents the average number of errors in the least square estimation.
In this Section we explain the proposed approaches to improve and differentiate the QoS of mMTC.
A. Repeated-transmission with spreading diversity
To reduce the DER as well as the LSER, we propose a repeated-transmission scheme with spreading diversity. The processing at a sensor node is shown in Figure 2 . A node, n, is equipped with two sequence blocks, S n
The encoded data bits after QAM modulation, x n ∈ C 1×L , where L is the number of modulated data symbols, are spread two times using sequence blocks, S n 1 and S n 2 , and are transmitted over OFDM subcarriers. The modulated data frame, x n , spread by S n 1 after affected by the additive white Gaussian noise and channel fading is given in frequency domain as
where,
W 1 ∈ C M ×L is the Gaussian noise added to the data frame spread by the first sequence block of node n, h n ∈ C M ×1 is the node and subcarriers specific channel coefficients, B n 1 ∈ C M ×D is the combination of the channel and the spreading influences of the first sequence block of node n and B n 1,d represents the d-th sequence in the 1st sequence block of node n. Note that for SB-CSMUD, the frame size in bits, L b , is assumed such that the number of symbols after the channel coding and modulation is exactly divisible by the size of the sequence block, D. Similarly the x n spread by B n 2 is received as Y 2 and is given as
Taking the received signals Y 1 and Y 2 as inputs, the GOMP based algorithm at the receiver detects the active node as
where
. represents the average correlation between the corresponding spreading sequences of the sequence blocks, W l,1 ∈ C M ×D represents the random Gaussian noise at the l-th symbol block and x k l ∈ C 1×D is the l-th symbol block of the k-th node. After activity detection, the data is estimated using least square estimation. The estimated data is then demodulated and decoded to get the binary data D N ×L b .
From Equation (5), it is evident that the activity detection of the repeated-transmission scheme is more accurate due the contribution of the second sequence block, as compared to the single sequence block SB-CSMUD in [15] . The least square estimation uses the average of the received repeated signals, which also results in a more accurate data estimation.
B. QoS-aware sequence block allocation
The nodes in an mMTC scenario have diverse QoS requirements as discussed in Section I. The nodes which require high data accuracy are grouped as high priority nodes denoted by P1 and the remaining nodes are grouped as low priority nodes denoted by P2 as shown in Figure 1 . Note that the nodes can be categorized into to more than two groups.
In NOMA with SB-CSMUD, the sequences blocks which have minimum correlation with other sequence blocks are easily distinguishable and considered as the best available ones. In order to provide better QoS for the P1 nodes, first the sequence blocks, S i , 1 ≤ i ≤ N , are generated from the random spreading sequence matrix, S, as discussed in Section II. The sequences blocks that have lower correlation with other sequence blocks are selected from the designed sequence blocks and are allocated to the P1 nodes. The indexes of the selected sequence blocks are represented by set, H, which is defined as follows
where N P 1 is the number of P1 nodes. The set of the indexes of the remaining sequence blocks is represented by L, which are assigned to the P2 nodes.
In the proposed scheme, even though the sequence blocks of the P2 nodes have higher correlation with other nodes, their DER is reduced. The reason for this lies in the GOMP based algorithm, in which the activity detection is similar to the successive interference cancellation. The P1 nodes are accurately detected due to the the minimum correlation of their sequence blocks with that of the other nodes. The contribution of the P1 nodes is then subtracted from the received signal, which reduces the interference to other nodes, resulting in more accurate activity detection of the P2 nodes. Therefore, the proposed QoS-aware sequence block allocation not only reduces the DER of the P1 nodes but also reduces the DER of the P2 nodes. Note that the performance improvement comes from the efficient allocation of the same sequence blocks rather than allocating more spreading sequences to the P1 nodes.
C. QoS-aware repeated-transmission
The repeated-transmission with spreading diversity scheme in subsection III-A achieves gain in the BER for all the nodes at the expense of utilizing extra time and power resources. In this subsection, we propose the QoS-aware repeatedtransmission scheme to eliminate the expense of the repeatedtransmission for the P2 nodes and to further differentiate the QoS among the nodes. The QoS-aware repeated-transmission scheme assigns a pair of sequence blocks from set H to each P1 node and a single sequence block from set L to each P2 node. The P1 nodes spread the modulated data frame two times using the pair of sequence blocks and transmit the spread data frames while the P2 nodes spread and transmit only one data frame.
The received superimposed signal consisting of both P1 and P2 nodes symbols can be given in frequency domain as (8) where S n 1 represents the sequence block used to spread the modulated data frame of a node n in the first time slot. Similarly the repeated superimposed signal of the P1 nodes can be given as
where S p1 2 is the second sequence block of a P1 node. At the receiver, the activity and data are detected using the QoS-aware GOMP algorithm given in Algorithm 1. The residuals R and R P 1 are initialized to the received signals Y and Y P 1 respectively. In line 1 of Algorithm 1 the average correlations of the sequence blocks with the residuals are calculated, followed by the activity detection, which is detected as the index of the maximum correlation. The active index set, I is updated in line 3. The subsets I P 1 and I P 2 consist of the detected P1 and P2 nodes respectively. In line 4 : i ←− i + 1
stop Output : X
IV. PERFORMANCE ANALYSIS
The performance of the proposed scheme is analyzed in an mMTC scenario. An exponentially decaying channel with a path loss constant of two is considered. In addition, it is assumed the channel state information is known at the receiver. The other simulation parameters are summarized in Table I . Figure 3 presents the DER and the BER performance of the SB-CSMUD for repeated-transmission with and without spreading diversity. Nearly one magnitude gain in DER as well as in BER at SNR = 10 dB is achieved by repeatedtransmission without spreading diversity. The improvement in the performance comes from the time diversity due to the undergoing of the repeated signals through different Gaussian noise. Using the repeated-transmission with spreading diversity scheme, a gain of more than two order of magnitude in DER and BER is achieved at SNR = 10 dB. It can be observed from Figure 3 (a) and 3(b) that the curves are nearly the same specially at high SNR. The reason for this is that BER given in Equation (1) is dominated by the DER. In Figure 4 the LSER for the repeated-transmission with and without spreading diversity is shown. It is assumed that the perfect knowledge of the active nodes is known at the receiver, i.e., the DER is zero. The LSER is reduced by at least 3 dB using the repeated-transmission without spreading diversity, however, the spreading diversity did not further reduce the LSER. It is for the reason that using different sequence blocks of the same size does not affect the Euclidean distance of the transmitted symbols. However, the spreading diversity affects the activity detection that is based on the correlations as shown in Figure 3 .
The effect of increasing the number of simultaneously active nodes in the repeated-transmission with spreading diversity scheme is shown in Figure 5 . The performance of the repeated-transmission with spreading diversity degrades much slower than that of the conventional SB-CSMUD. It is interesting to note that as the number of active nodes increases the gain in DER as well as in BER, keeps on increasing, e.g., for K = 8 the proposed scheme achieves a gain of 3 dB at BER = 10 −3 which increases to at least 8 dB for K = 12. It is therefore evident from Figure 5 that the proposed scheme is able to support more active nodes.
The effect of QoS-aware sequence block allocation is demonstrated in Figure 6 . It is clear from the figure that the proposed scheme differentiates the QoS between high and low priority nodes by 4 dB at DER = 10 −4 . The P1 nodes achieve gain of at least half of a magnitude in DER as well as in BER at SNR = 13 dB. It is worth noting that the performance of the P2 nodes is improved although they do not have the minimum correlated sequence blocks. The gain in the performance of the P2 nodes comes from the fact that the P1 nodes are detected more accurately and subtracting the interference contribution by the P1 nodes results in easy detection of the P2 nodes.
In Figure 7 the performance of the QoS-aware repeated- transmission scheme is presented. The proposed scheme achieves a gain of at least 12 dB at DER = 10 −4 for the P1 nodes extending the differentiation in the QoS to 7 dB. It is interesting to note that even though the P2 nodes transmit one copy of the data frame, they achieve a gain of at least 6 dB at DER = 10 −4 . The same magnitudes of gains are also achieved in the BER. It is important to note that the proposed QoS-aware schemes can also be used to compensate the performance loss due to the fading channels for the distant nodes from the BS.
V. CONCLUSION In this paper we have proposed various schemes to enhance the overall BER performance and differentiate the QoS among the mMTC devices in 5G. In the proposed repeatedtransmission with spreading diversity scheme the time diversity introduced by the repeated-transmission enhances the accuracy in the data estimation while the spreading diversity enhances the activity detection. The proposed QoS-aware sequence block allocation scheme exploits the heterogeneous correlation properties of the sequence blocks to differentiate the QoS without utilizing extra resources. The differentiation in QoS is further improved in the QoS-aware repeatedtransmission scheme by exploiting the QoS-aware sequence block allocation and repeated-transmission. It is noteworthy that the improvement in the performance of the high priority nodes in the proposed QoS-aware schemes also contributes in the performance improvement of the low priority nodes.
